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-1: Introduct ion 

This r e p o r t  summarises research a c t i v i t i e s  i n  Laboratory Astrophysics,  

c a r r i e d  out  i n  t h e  Physics Department, Univers i ty  of Western Ontario, 

between August 1 1 9 6 5  and January 31 1966. 

Building renovat ions descr ibed i n   lie last rcport have continued, 

and t h e  re -cons t ruc t ion  i n  the  l a b o r a t o r i e s  now occupied under t h i s  

programme vas completed by t h e  middle of January 1966. Needless t o  say 

t h i s  has been a s e r i o u s  d is rupt ion ,  and s ince  most of t h e  equipment was 

dismantled and s t o r e d  l a s t  summer, very l i t t l e  experimental  work has  been 

p o s s i b l e  s ince  then. 

2 : Overall  Research Programme 

With Dr. Nicho l l s  having l e f t ,  and taken  most of t h e  e q u i p e n t  with 

him, t h e  scope of  t h e  programme i s  cons iderably  reduced. However, the  

l a b o r a t o r y  i s  s t i l l  adequately equipped t o  cont inue t h e  fol lowing work. 

Experimental 

I n t e n s i t y  measurements on molecular s p e c t r a  

Atlas of molecular s p e c t r a  ( in  c o l l a b o r a t i o n  with Nicho l l s )  

Ion beam spectroscopy 

(Laser e x c i t a t i o n  of powdered s o l i d s  - t e rmina ted  during r e p o r t  per iod)  

(Shock tube  spectroscopy - terminated during r e p o r t  per iod)  

Theore t i ca l  

S t u d i e s  of molecular  p o t e n t i a l  and wave func t ions  

S tudies  of der ived  q u a n t i t i e s  of v i b r a t i o n a l  wave func t ions  

Vibra t ion- ro ta t ion  s t u d i e s  

Atomic c o l l i s i o n s  



3 :  Personnel 

The following personnel have con t r ibu ted  t o  t h c  research programme 

Facu l ty  : 

D r .  H.I .S.  Ferguson, Associatc  P ro fes so r  o f  Physics 

U r .  P . A .  li'raser, Professor of Physics 

M r .  W.R. Jarmain, A s s i s t a n t  Professor  of  Physics 

D r .  R.C.  Murty, Assistant P ro fes so r  of  Physics  

Graduate S tuden t s  (Supported by scho la r sh ip  as i n d i c a t e d )  

M r .  V. Degen 

PI. G .W .F . Drake (NRC Scholarship)  

M r .  J .P.  Fa l lona  (completing h i s  work a t  York Universi ty)  

M r .  M. Kraidy 

N r .  R.P. Lowe (DRB on leave - now re tu rned  t o  DRB) 

Hr. J .E. Mental1 

P l r .  A .  McGregor (NRC Scholarship)  

M r .  J . A .  mer ( O W  Scholarship)  

Graduate Technical A s s i s t a n t s  

Mrs. M. Murty ( terminated October 31 1965) 

Mrs. S. Innanen 

4 : Experimental S t u d i e s  

4.1 i n t e n s i t y  Measurements on Molecular S p e c t r a  

M r .  Degen h a s  completed i n t e n s i t y  measurements on t h e  O2 Herzberg 

system, which i s  an important c o n t r i b u t o r  t o  t h e  spectrum of  t h e  airglow,  

and i s  well  a long with h i s  Ph.D. t h e s i s .  

. 
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X r .  Drake has complctcd an experimcntal and t h e o r e t i c a l  s tudy of t h e  

i n t e n s i t y  d i s t r i b u t i o n  i n  t h e  Re0 Blue-Green System, and h i s  completed 

t h e s i s  i s  about t o  be submitted. 

Flr.  Fa l lona  cont inues t o  work on a number of  CO band systems. 

4.2  Shock Eubc SpcctroScapy 

bir. Ifyer has completed h i s  s t u d i e s  of shock wave - powderpa r t i c l e  

i n t e r a c t i o n s ,  and completed t h e  requirements f o r  t h e  N.Sc. degree i n  

December 1965. 

M r .  HcGregor has completed o s c i l l a t o r  s t r e n g t h  measurements of shock 

e x c i t e d  MgH bands, and h i s  Ph.D. t h e s i s  i s  approaching completion. 

4 . 3  Ion Beam Spectroscopy 

M r .  Lowe has  completed h i s  spectroscopic  s t u d i e s  o f  2-10 KeV a l k a l i  

i o n  beams i n t o  a v a r i e t y  of gases, and i s  on t h e  po in t  o f  submit t ing h i s  

Ph.D. t h e s i s .  

Dr. Ferguson i s  cont inuing t h e  above work, as w e l l  as being engaged 

i n  t h e  f u r t h e r  development of  a proton a c c e l e r a t o r ,  bu t  for reasons s t a t e d  

i n  t h e  in t roduc t ion ,  no experimental work h a s  been done in t h i s  f i e l d  

during t h e  r e p o r t  per iod.  

The proton a c c e l e r a t o r  w a s  dismantled even p r i o r  t o  t h e  l a s t  r e p o r t  

pe r iod  (i .e.  before  August 1 1965). Considerable r e c o n s t r u c t i o n  i s  

necessary - i n  p a r t i c u l a r  a new H.V. power supply h a s  been ordered, t h e  

vacuum system needs r ebu i ld ing ,  and t h e  magnetic analysis system i s  t o  

be incorporated.  Design work i s  progressing. 

4.4 Laser  E x c i t a t i o n  o f  Powdered S o l i d s  

M r .  Mentall  has  completed h i s  q u a n t i t a t i v e  spec t roscop ic  s t u d i e s ,  and 

completed a l l  requirements for t he  Ph.D. degree i n  January 1966. 
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5 : Theorct icnl  S t u d i e s  

5.1 Atomic C o l l i s i o n s  

M r .  Kraidy and D r .  F r a s c r  a r e  extending i t e r a t ivc  methods of  s o l u t i o n  

of equat ions o f  atomic c o l l i s i o n  theory.  They are a l s o  studying posi t ron-  

helium c o l l i s i o n s .  

Dr. Fraser i s  studying positronium-helium c o l l i s i o n s ,  and t h e  "pick- 

o f f r 1  quenching rate of positronium i n  helium. 

5 . 2  Franck-Condon Fac to r s  
-I_ 

,4 success fu l  s tudy of m c t h d ~  of i n t c r p o l a t i o n  between arrays of 

Franck-Condon f a c t o r s ,  completed by Dr. Nicho l l s  during previous r e p o r t  

per iod,  has been published. ( 3 )  

Nr. Jarmain has  continued h i s  computations o f  Franck-Condon f a c t o r s  

and d e n s i t i e s  appropr i a t e  t o  real is t ic  p o t e n t i a l s  f o r  t h e  V I !  = 0, 1 and 2 

progressions and photo-dissociation continuum of  t h e  Herzberg system of  02. 

Th i s  work i s  i n  p repa ra t ion  f o r  pub l i ca t ion .  

6: Pub l i ca t ions  

6.1 Published Papers  (appeared during r e p o r t  pe r iod )  

(1) Interpolation of Franck-Condon Factor Arrays f o r  Molecular Band Systems 
J o u r n a l  o f  Q u a n t i t a t i v e  Spectroscopy and Rad ia t ive  Transfer ,  2, 647, 1965 
R.W. N icho l l s  

(2) The Applicat ion of an I t e ra t ion -Var i a t ion  Method t o  Atomic S c a t t e r i n g  

Proceedings o f  t h e  Physical  S o c i e t y  86, 477, 1965. 
R.P. McEachran, P.A. Fraser ,  J . B . G .  Wallace and C.E. Tu11 

Problems 

( 3 )  Absolute Band S t r eng ths  f o r  t h e  C2 Swan System 
Proceedings of t h e  Physical Soc ie ty  86, 873, 1965. 
J.E. Mental1 and R.W. Nichol ls  
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6.2 Tlicses 

(4) Laser E x c i t a t i o n  o f  Pawdwcd S o l i d s  
pi1 .D. t h e s i s ,  1966, Univcrsi ty  o f  Wcstern Ontario 
J .E. Mentall 

( 5 )  Ablat ion i n  a Shock Tube 
M.Sc. t h e s i s ,  1966, Universi ty  of Westcrn Ontario 
J.X. Nycr 

6 . 3  P u b l i c a t i o n s  i n  Press  

( 6 )  The Bound-Free P.bsoi;ption C o c f f i c i c n t  o f  t h e  Negative Hydrogen Ion 
Plmthly Notices of t h e  Royal  Astronomical Soc ie ty  
N.A.  Doughty, P.A. Fraser and R.P. McEachran 

( 7 )  The Free-Free Absorption C o e f f i c i e n t  of t h e  Sega t ive  Hydrogen Ion 
Nonthly Notices  o f  t h e  Royal Astronomical Soc ie ty  
N.A. Doughty and P . A .  Frase r  

6.4 Orally presented Papers 

N i l  


